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(54) Method and apparatus for producing a nozzle plate of an ink-jet head printer 



(57) In a nozzle plate production method and appa- 
ratus, a metallic sheet material (100) is punched to form 
nozzle holes (140) therein by using a press having 
punches (160). Each of the punches includes a tapered 
conical portion (172). a straight cylindrical portion (171). 
and a rounded interconnecting portion (173). The inter- 
connecting portion smoothly interconnects the conical 
portion and the cylindrical portion. Nibs (141) produced 
on a bottom surface of the sheet material at the nozzle 

FIG. 16A 



holes by the nozzle hole punching are removed by use 
of a tape grinding machine (125). A top surface and the 
bottom surface of the sheet rhaterial are buffed to pro- 
vide a predetermined level of surface roughness. Burrs 
(143. 144) produced on the top and bottom surfaces of 
the sheet material at the nozzle holes by the buffing are 
removed by ultrasonic cleaning. 



FIG. 16B 



FIG.16C 
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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to a nozzle plate pro- 
duction method and an apparatus for the same which 
produces a nozzle plate of an ink-jet head of an ink-jet 
printer. 

Ink discharge characteristics of an ink-jet head of 
an ink-jet printer affect the quality of a printed image 
produced by the ink-jet head on a sheet of paper. The 
Ink discharge characteristics are affected by the shape 
of a nozzle hole of a nozzle plate of the ink-jet head. 
When it Is desired to produce a nozzle plate for an ink- 
jet head which provides a high quality printed image on 
the sheet of paper, the shape of the nozzle hole of the 
nozzle plate is an important factor to consider. 

Generally, a large number of small nozzle holes 
with a given pitch are formed in the nozzle plate of the 
ink-jet head. It is a difficult task to accurately produce 
the nozzle plate so as to enable the ink-jet head to pro- 
vide a high quality printed image, and the cost is likely to 
be increased, tt is therefore desired to provide a nozzle 
plate production method, and an apparatus for the 
same, which is capable of easily and accurately produc- 
ing the nozzle plate with a reduced cost. 

(2) Description of the Related Art 

Japanese Laid-Open Patent Application No.7- 
60971 discloses a conventional nozzle plate of an ink- 
jet head. FIG. 1 shows a nozzle plate 10 of a piezoelec- 
tric ink-jet head disclosed in the above-mentioned pub- 
lication. 

As shown in FIG. 1, the nozzle plate 10 includes a 
nozzle hole 11. The nozzle hole 11 has a tapered por- 
tion 12 on the side of an upper end surface and a 
straight cylindrical portion 14 on the side of a lower end 
surface. The tapered portion 12 of the nozzle hole 11 is 
open to an ink chamber (not shown) of the ink-jet head. 
The cylindrical portion 14 extends from a bottom edge 
of the tapered portion 12. The cylindrical portion 14 
includes an ink discharge opening 13 from which ink is 
discharged. In the nozzle plate 10 of the above-men- 
tioned publication, a ridge 15 is formed between the bot- 
tom edge of the tapered portion 12 and an upper edge 
of the cylindrical portion 14. 

FIGs. 2A, 2B and 2C show basic processes of a 
nozzle plate production method disclosed in the above- 
mentioned publication. 

The nozzle hole 11 of the nozzle plate 10 is formed 
through the nozzle plate production method of FIGs. 2A, 
2B and 2C. The tapered portion 12 of the nozzle hole 1 1 
is formed by performing a punching process of FIG. 2A. 
When the punching process of FIG. 2A is performed, a 
nib 16 is produced on the bottom of the nozzle plate at 



the nozzle hole 1 1 . The nib 16 is removed from the noz- 
zle plate by performing a grinding process of FIG. 2B. 
The cylindrical portion 14 of the nozzle hole 11 is 
formed by performing a reaming process of FIG. 2C. 

5 When the reaming process of FIG. 2C is performed, a 
burr is produced in the nozzle hole 1 1 . A grinding step is 
performed to remove the burr from the nozzle hole 1 1 . 
The nozzle plate 10 of FIG. 1 is thus produced. 

In the nozzle plate 10 of the above-mentioned pub- 

10 lication. the ridge 1 5 has a sharp edge and a cross-sec- 
tional area of the nozzle hole 11 from the tapered 
portion 12 to the cylindrical portion 14 does not 
smoothly change. Therefore, the motion of the menis- 
cus of the Ink within the nozzle hole 1 1 when the ink is 

16 discharged from the nozzle hole 1 1 becomes noncon- 
tinuous and unstable, and the ink discharge characteris- 
tics of the ink-jet head are degraded. 

It is difficult for the ink-jet head having the nozzle 
plate 1 0 of the above-mentioned publication to provide a 

20 high quality printed image because the Ink discharge 
characteristics of the ink-jet head are low. Further, the 
nozzle plate production method of producing the nozzle 
plate 10 of the above-mentioned publication requires 
both the punching step and the reaming step be accu- 

25 rately performed to form the nozzle hole 1 1 . and it is dif- 
ficult to reduce the cost for the production of the nozzle 
plate 10. 

SUMMARY OF THE INVENTION 

30 

An object of the present invention is to provide an 
improved nozzle plate production method and appara- 
tus in which the above-mentioned problems are elimi- 
nated. Another object of the present invention 

35 is to provide a reduced-cost nozzle plate production 
method which can easily produce a nozzle plate of an 
Ink-jet head in which nozzle holes are accurately formed 
in a prescribed configuration that provides good ink dis- 
charge characteristics for the ink-jet head. 

40 Still another object of the present Invention is to 
provide a reduced-cost nozzle plate production appara- 
tus which can easily produce a nozzle plate of an ink-jet 
head in which nozzle holes are accurately formed In a 
prescribed configuration that provides good ink dis- 

45 charge characteristics for the ink-jet head. 

A further object of the present invention is to pro- 
vide a nozzle plate of an ink-jet head In which nozzle 
holes are accurately formed in a prescribed configura- 
tion enabling the ink-jet head to provide a high quality 

so printed image on a sheet of paper. 

The above-mentioned obijects of the present inven- 
tion are achieved by a nozzle plate production method 
which comprises the steps of: a nozzle hole punching 
step wherein a metallic sheet material is punched to 

55 form nozzle holes therein by using a press including 
punches, each of the punches comprising a tapered 
conical portion extending from a base portion of the 
punch, a straight cylindrical portion extending to a lead- 
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Ing edge of the punch, and a rounded interconnecting 
portion, the rounded interconnecting portion smoothly 
interconnecting the conical portion and the cylindrical 
portion; a nib removal step wherein nibs produced on a 
bottom surface of the sheet material at the nozzle holes 5 
by the nozzle hole punching step are removed; a buffing 
step wherein a top surface and the bottom surface of the 
sheet material are buffed to provide a predetermined 
level of surface roughness; and a bun- removal step 
wherein burrs produced on the top and bottom surfaces 10 
of the sheet material at the nozzle holes by the buffing 
step are removed. 

The above-mentioned objects of the present inven- 
tion are achieved by a nozzle plate production appara- 
tus which comprises: a press which punches a metallic 75 
sheet material to form nozzle holes therein, the press 
having punches, each of the punches comprising a 
tapered conical portion extending from a base portion of 
the punch, a straight cylindrical portion extending to a 
leading edge of the punch, and a rounded interconnect- 20 
ing portion, the rounded interconnecting portion 
smoothly interconnecting the conical portion and the 
cylindrical portion; a grirKiing machine for removing nibs 
produced on a bottom surface of the sheet material at 
the nozzle holes by the punching of the press; a buffing 25 
machine for buffing a top surface and the bottom sur- 
face of the sheet material after the nib removal by the 
buffing machine to provide a predetermined level of sur- 
face roughness; and an ultrasonic cleaning machine for 
removing burrs produced on the top and bottom sur- 30 
faces of the sheet material at the nozzle holes by the 
buffing of the buffing machine. 

The above-mentioned objects of the present inven- 
tion are achieved by a nozzle plate of an ink-jet head, 
the nozzle plate having a plurality of nozzle holes 3S 
arranged in the nozzle plate, each of the nozzle holes 
comprising: a tapered conical surface which extends 
from a top opening of the nozzle hole; a straight cylindri- 
cal surface extending from a bottom opening of the noz- 
zle hole; and a rounded interconnecting surface which 40 
smoothly interconnects the conical surface and the 
cylirKlrical surfoce. 

In the nozzle plate production method and appara- 
tus of the present invention, the nozzle holes of the noz- 
zle plate, each having the conical surface, the 4S 
interconnecting surface and the cylindrical surface, can 
be formed by the punching step, and it is possible to 
easily and accurately produce with a reduced cost the 
nozzle plate having a prescribed configuration. The 
punches of the press according to the present invention so 
are provided with the interconnecting portion which 
smoothly interconnects the conical portion and the 
cylindrical portion, and it is possible for the nozzle plate 
production method and apparatus of the present inven- 
tion to easily produce with a reduced cost a nozzle plate ss 
of an ink-jet head in which nozzle holes are accurately 
formed in a presaibed configuration that provides good 
ink discharge characteristics for the ink-jet head. Fur- 



ther, it is possible to provide an increased level of tool 
life for the punches of the press. 

In the nozzle plate produced by the nozzle plate 
production method and apparatus of the present inven- 
tion, it is possible to provide an increased level of an ink 
discharge spreading angle when the ink is discharged 
from the nozzle holes, enabling the ink-jet head to pro- 
duce a high quality printed image on a sheet of paper. 
As each of the nozzle holes having the conical surface, 
the interconnecting surface and the cylindrical surface 
can be formed by one punching step, it is possible to 
provide the nozzle plate having the nozzle holes accu- 
rately formed in a prescribed configuration. Therefore, it 
is possible for the ink-Jet head to provide a high quality 
printed image on a sheet of paper. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advan- 
tages of the present invention will become more appar- 
ent from the following detailed description when read in 
conjunction with the accompanying drawings in which: 

FtG. 1 is a diagram showing a nozzle hole of a con- 
ventional nozzle plate; 

FIGs. 2A, 2B and 2C are diagrams for explaining a 
conventional method of producing a nozzle plate; 
FIGs. 3A and 38 are diagrams showing a nozzle 
hole in one embodiment of a nozzle plate of the 
present invention; 

FIG. 4 is a diagram showing an ink-jet printer to 

which one embodiment of the nozzle plate of the 

present invention is applied; 

FIG. 5 is an enlarged view of a portion of an ink-jet 

head of the printer of FIG. 4; 

FIG. 6 is a view of the embodiment of the nozzle 

plate of the present invention; 

FIGs. 7A and 78 are diagrams tor explaining ink 

discharge characteristics of the nozzle plate of 

FIGs. 3A and 3B; 

FIGs. 8A and 8B are diagrams for explaining ink 
discharge characteristics of a comparative example 
of the nozzle plate having no rounded interconnect- 
ing surface; 

FIGs. 9A and 98 are diagrams for explaining ink 
discharge characteristics of a comparative example 
of the nozzle plate having an increased cone angle; 
FIG. 10 is a diagram for explaining a nozzle plate 
production method and an apparatus for the same 
according to the present invention; 
FIG. 11 is a diagram for explaining basic processes 
of the nozzle plate production method and basic 
elements of the nozzle plate production apparatus; 
FIG. 12 is a view of a press used in a nozzle hole 
punching step of the nozzle plate production 
method of the present invention; 
FIGs. 13A and 138 are diagrams showing punches 
of the press used in the nozzle hole punching step; 
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FIG. 14 is a bottom view of an upper die including 
the punches of FIG. 13A; 

FIGs. 1 5A and 1 5B are diagrams showing details of 
one of the punches of FIG. 1 SA; 
FIGs. 16A, 16B and 16C are diagrams for explain- 
ing the nozzle hole punching step of the nozzle 
plate production method of the present invention; 
FIG. 17 is a graph for explaining tool life character- 
istics obtained by a testing for a number of punches 
having different cone angles; 
FIG. 18 is a graph for explaining tool life character- 
istics obtained by a testing for a number of punches 
having different interconnecting portion radii; 
FIG. 19 is a graph for explaining tool life character- 
istics obtained by a testing for a punch combined 
with one of a number of lower dies having different 
die hole diameters; 

FIGs. 20A and 20B are diagrams showing a tape 
grinding machine of the nozzle plate production 
apparatus of the present invention; 
FIGs. 21 A and 21 B are diagrams showing a buffing 
machine of the nozzle plate production apparatus 
of the present invention; 

FIG. 22 is a view of an ultrasonic cleaning machine 
of the nozzle plate production apparatus of the 
present Invention; 

FIG. 23 is a diagram for explaining an operation of 
the ultrasonic cleaning machine of FIG. 22; and 
FIGs. 24A and 24B are diagrams showing a feeder 
of the nozzle plate production apparatus of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A desCTiption will now be given of the preferred 
embodiments of the present invention with reference to 
the accompanying drawings. 

FIG. 3A shows a nozzle hole of one embodiment of 
a nozzle plate 20 of the present invention. FIG. 3B is an 
enlarged view of a portion "A" of the nozzle plate 20 of 
FIG. 3A. 

Before the nozzle plate 20 is described with refer- 
ence to FIGs. 3A and 3B, a description of each of an 
ink-jet printer and an ink-jet head to which one emt)odi- 
ment of the nozzle plate of the present invention is 
applied will be given. 

FIG. 4 shows an ink-jet printer 40 to which one 
embodiment of the nozzle plate of the present invention 
is applied. 

As shown in FIG. 4, the printer 40 has a piezoelec- 
tric ink-jet head 41 which is movably arranged in the 
printer 40. A guide rod 42 is attached to the ink-jet head 
41, and the ink-jet head 41 is movable along the guide 
rod 42 in horizontal directions perpendicular to the 
plane of the paper of FIG. 4. The ink-jet head 41 com- 
prises one embodiment of the nozzle plate of the 
present invention. An ink reservoir 43 is attached to the 



ink-jet head 41 and ink from the ink reservoir 43 is sup- 
plied to the ink-jet head 41 . A recording sheet 45 is 
transported within the printer 40. and is passed beneath 
the bottom of the ink-jet head 41 as indicated by the 

5 arrow. The recording sheet is sent to an ejection tray 47 
of the printer 40 in a direction (indicated by the arrow 
•*X1" in FIG. 4) after an image is printed on the recording 
sheet by the ink-jet head 41. When the printing is per- 
formed, the ink-jet head 41 reciprocates in a main scan- 

10 ning direction pver the recording sheet in either one of 
the horizontal directions perpendicular to the plane of 
the paper in FIG. 4. 

FIG. 5 is an enlarged view of a portion of the ink-jet 
head 41 of FIG. 4. 

15 As shown in FIG. 5, the ink-jet head 41 comprises 
the nozzle plate 20, a first member 51 and a second 
member 52. An oscillation plate 53 is provided between 
the first member 51 and the second mender 52, and the 
oscillation plate 53 is fixed by the first and second menv 

20 bers 51 and 52. The nozzle plate 20 is secured to the 
bottom of the first member 51. A plurality of piezoelec- 
tric elements 55 is secured to the top of the oscillation 
plate 53. In the first member 51 . an ink supply passage 

56 and a plurality of ink chambers 57 communicating 
25 with the ink supply passage 56 are formed. The nozzle 

plate 20 includes nozzle holes 21 arranged in rows with 
a predetermined pitch. One of the nozzle holes 21 of the 
nozzle plate 20 is open to a related one of the ink cham- 
bers 57 of the first member 51 . One of the piezoelectrk; 
30 elements 55 corresponds to a related one of the ink 
chambers 57 of the first member 51 , and a base portion 
of each piezoelectric element 55 is secured to the sec- 
ond member 52 and a leading edge of each piezoelec- 
tric element 55 is secured to the oscillation plate 53. 
The ink from the ink reservoir 43 of the printer 40 is sup- 
plied to the ink supply passage 56. 

When a driving voltage in a prescribed waveform is 
supplied to the piezoelectric elements 55, a related one 
of the piezoelectric elements 55 expands from the orig- 
inal state or contracted back to the original state in a 
repetitive manner. Such displacements of the related 
piezoelectric element 55 are transferred to the oscilla- 
tion plate 53 so that the oscillation plate 53 is oscillated. 
The ink within the ink supply chamber 56 is supplied to 
a related one of the ink chambers 57 when a related one 
of the piezoelectric elements 55 is contracted back to 
the original state. The ink within the related ink chamber 

57 is discharged from a related one of the nozzle holes 
21 to the recording sheet 45 when the related piezoe- 
lectric element 55 expands from the original state to 
press the oscillation plate 53. The amount of ink being 
discharged from orie of the nozzle holes 21 is of the 
order of some tens of pico-liters (lO"**^ liters). In this 
manner, the ink within the ink chamber 57 is discharged 
from the nozzle hole 21 of the nozzle plate 20. and an 
ink droplet 58 is fixed to the recording sheet 45. 

A main scanning over the recording sheet 45 by the 
ink-jet head 41 is performed in either one of the horizon- 
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tal directions indicated by the arrows Y1 and Y2 in FIG. 
5. One of the directions Y1 and Y2 in which the main 
scanning is performed by the ink-jet head 41 is called a 
main scanning direction. As shown in FIG. 4. the record- 
ing sheet 45 is sent to the ejection tray in the direction 5 
indicated by the arrow X1 . Such a movement of the ink- 
jet head 41 relative to the recording sheet 45 is called 
sub-scanning, arxl the direction in which sub-scanning 
over the recording sheet 45 by the ink-jet head 41 is per- 
formed is called a sub-scanning direction. 10 

FIG. 6 shows an embodiment of the nozzle plate 20 
of the present invention. As shown in FIG. 6. The nozzle 
plate 20 has base holes 60 and 61 at side portions. The 
nozzle plate 20 has a plurality of nozzle holes 21 which 
are arranged in rows. In the present embodiment, each is 
of the rows includes fifty four nozzle holes 22 which are 
arrayed in the sub-scanning direction with a pitch P2 
between two of the nozzle holes 22 in the sut>-scanning 
direction. A pitch PI between two of the rows of the noz- 
zle holes 22 in the main scanning direction is set at a 20 
predetermined distance. In the present embodiment, 
the pitch PI is set at about 3.7 mm, and the pitch P2 is 
set at about 0.3 mm. 

The nozzle plate 20 of FIGs. 3A and 3B is made of 
a stainless steel material. The nozzle plate 20 in this 25 
embodiment has a thickness "tr which is equal to 
about 0.08 mm. For the sake of convenience, the side of 
a lower end surface of the nozzle plate 20 from which 
the ink is discharged in a direction indicated by the 
arrow Z2 in FIG. 3A is called a front end of the nozzle so 
plate, and the side of an upper end surface of the nozzle 
plate 20 in which the nozzle holes 21 are open to the ink 
chambers 57 of the ink-jet head 41 in a direction indi- 
cated by the arrow Z1 in FIG. 3 A is called a rear end of 
the nozzle plate. 

The nozzle plate 20 of the present invention is char- 
acterized by the shape of the nozzle holes 21 which is 
particularly determined by the inventors in order to pro- 
vide good ink discharge characteristics for the ink-jet 
head. This shape of the nozzle holes 21 is determined 40 
on the basis of the results of observations regarding ink 
discharge characteristics which will be described later. 

Next, a description will be given, with reference to 
FIGs. 3A and 3B, of the configuration of each of the noz- 
zle holes 21 in the present embodiment of the nozzle 4S 
plate 20. 

As shown in FIGs. 3A and 3B. the nozzle plate 20 
has a front-end opening 24 on the front-end side of the 
nozzle plate 20 and a rear-end opening 28 on the rear- 
end side thereof. When the nozzle plate 20 is Installed so 
in the ink-jet head 41 , the rear-end opening 28 of the 
nozzle plate 20 is open to a related one of the ink cham- 
bers 57 of the ink-jet head 41 . 

The nozzle hole 21 has a tapered conical surface 
22 extending from the rear-end opening 28. a straight ss 
cylindrical surface 25 extending from the front-end 
opening 24, and a rounded interconnecting surface 26. 
The rounded interconnecting surface 26 smoothly inter- 



connects a front end edge of the conical surface 22 and 
a rear end edge of the cylindrical surface 25. It should 
be noted that the interconnecting surface 26 is smoothly 
continuous to each of the conical surface 22 arKi the 
cylindrical surface 25. 

In the present embodiment of the nozzle plate 20. 
the front-end opening 24 has a diameter "dr which is 
set at about 0.03 mm. The cylindrical surface 25 has a 
depth "a" which is set at about 0.01 mm. That is. in the 
nozzle plate 20 of the present invention, the depth "a" of 
the cylindrical surface 25 is set at about one eighth of 
the thickness t1 of the nozzle plate 20. The conical sur- 
face 22 has a cone angle "a" which is set at about 40**. 
The conical surface 22 has a depth V which is set at 
about 0.06 mm. That is, in the nozzle plate 20 of the 
present invention, the depth "b" of the conical surface 
22 is set at about five eighths of the thickness t1 of the 
nozzle plate 20. The conical surface 22 has a cross- 
section which is represented by a straight line 27 in FIG. 
3A. 

Further, in the present embodiment of the nozzle 
plate 20, as shown in FIG. 3B. the interconnecting sur- 
face 26 has a radius "rl ** which is set at about 0.03 mm, 
and has an angle "P** between the radii "rl" which is set 
at about 20**. As shown in FIG. 3A, the interconnecting 
surface 26 has a depth "c" which is set at about 0.02 
mm. That is, in the nozzle plate 20 of the present inven- 
tion, the depth "c" of the interconnecting surface 26 is 
set at about one fourth of the thickness t1 of the nozzle 
plate 20. 

Further, in the present embodiment of the nozzle 
plate 20, the surface roughness of each of the conical 
surface 22, the interconnecting surface 26 and the cylin- 
drical surface 25 is set to a predetermined level. In the 
nozzle plate 20 of the present invention, the motion of 
the meniscus of the ink within the nozzle hole 21 when 
the ink is discharged from the nozzle hole 21 is constant 
and stable. Therefore, it is possible for the nozzle plate 

20 of the present invention to provide good ink dis- 
charge characteristics for the ink-jet head 41. 

FIGs. 7A and 78 show ink discharge characteristics 
provided by the nozzle plate 20 of FIGs. 3A and 3B. 
FIGs. 8A arKi 8B show ink discharge characteristics 
provided by a comparative example of a nozzle plate 
which does not have a rounded interconnecting surface. 

FIG. 7A shows the nozzle plate 20 having the 
rounded interconnecting surface 26 in the nozzle hole 

21 wherein other elements are the same as those the 
nozzle plate 20 of FIGs. 3A and 3B. FIG. 8A shows the 
nozzle plate 10 (the comparative example) having the 
ridge 1 5 with a sharp edge in the nozzle hole 1 1 instead 
of the rounded interconnecting surface 26. The plots of 
ink dots, shown in FIG. 7B and FIG. 8B. are obtained 
according to the results of observation of the ink dis- 
charge performed with the nozzle plate 20 of FIG. 7A 
and the comparative example of FIG. 8A, respectively 

In the case of the comparative example of FIG. 8A, 
the meniscus of tiie ink vwthin the nozzle hole 1 1 when 
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the ink is discharged from the nozzle hole 11 may be 
irregularly moved within a range 72 between a line 70 
and a line 71 indicated in the FIG. 8A. and the motion of 
the ink meniscus becomes noncontinuous and unsta- 
ble. The plots of ink dots obtained according to the 5 
results of observation of the ink discharge performed 
with the nozzle plate 10 of FIG. 8A are shown in FIG. 
SB. As shown in FIG. 8B. an ink discharge spreading 
angle 62 of the comparative example is ± 1 .3 degrees. It 
may be concluded that the ink discharge spreading 70 
angle 62 of the comparative example is relatively large 
because the motion of the ink meniscus at the ink dis- 
charge opening disperses. 

FIGs. 9A and 9B show ink discharge characteristics 
of another comparative example of the nozzle plate hav- is 
ing an increased cone angle. FIG. 9A shows a nozzle 
plate 10A (the comparative example) which Includes a 
nozzle hole 11A having a tapered portion 12A with a 
cone angle a = 50°. As described above, the cone angle 
a of the tapered conical surfece 22 of the nozzle plate so 
20 of FIG. 7A is about 40**. The plots of ink dots, shown 
in FIG. 98, are obtained according to the results of 
observation of the ink discharge performed with the 
nozzle plate 10A of FIG. 9A. 

In the case of the comparative example of FIG. 9A, 2S 
as shown in FIG. 9B, an ink discharge spreading angle 
63 of the nozzle plate 10A is greater than that of the 
nozzle plate 10. It may be concluded that the ink dis- 
charge spreading angle 63 of the nozzle plate 10A is 
relatively large because the direction of the ink dis- 30 
charge by the nozzle plate IDA from the ink discharge 
opening disperses considerably more than that of the 
nozzle plate 20. 

In the case of the nozzle plate 20 of FIG. 7A. the 
meniscus of the ink within the nozzle hole 21 when the 3S 
ink is discharged from the nozzle hole 21 is constantly 
set at around a line 75 indicated In the FIG. 7A, and the 
motion of the ink meniscus becomes constant and sta- 
ble. The plots of ink dots obtained according to the 
results of observation of the ink discharge performed 40 
with the nozzle plate 20 of FIG. 7A are shown in FIG. 
7B. As shown in FIG. 7B. an ink discharge spreading 
angle 61 of the nozzle plate 20 is ± 0.4 degrees which is 
smaller than that of the comparative examples of FIGs. 
8A and 9A. It may be concluded that the ink discharge 45 
spreading angle 61 of the comparative example is rela- 
tively small because the nozzle plate 20 has the 
rounded interconnecting surface 26 (or the motion of 
the ink meniscus is constant and stable) and the cone 
angle a of the nozzle plate 20 is set at about 40* (or the so 
direction of the ink discharge by the nozzle plate 20 
from the ink discharge opening is constant and stable). 

Next, a description will be given of a nozzle plate 
production method and an apparatus for the same 
according to the present invention. ss 

FIG. 10 shows a nozzle plate production method 
and an apparatus for the same according to the present 
invention. FIG. 1 1 shows basic processes of the nozzle 



plate production method and basic elements of the noz- 
zle plate production apparatus. 

As shown in FIGs. 10 and 1 1 , the nozzle plate pro- 
duction method of the present invention comprises a 
leveling step 1 2 1 . a base hole punching step 1 22, a noz- 
zle hole punching step 123, a cleaning step 124, a rvb 
removal step 125, a buffing step 126, a burr removal 
step 127, a buffing step 128, a leveling step 129, a cut- 
ting step 130. a cleaning step 131, and an inspection 
step 132. 

In the leveling step 121, a hooped sheet material 
100 of stainless steel is leveled by using a roller leveler 
101. In the base hole punching step 122, t>ase holes 
(corresponding to the base holes 60 and 61) in a sheet 
material 100A (or the sheet material 100 after the lev- 
eling step 121 is performed) are formed by using a 
press 102. In the nozzle hole punching step 123, nozzle 
holes 140 (corresponding to the nozzle holes 21) in the 
sheet material 100A are punched by using a press 103 
including punches 160. The punches 160 which will be 
described later are used to punch the nozzle holes 140 
in the sheet material 100A. In the nozzle hole punching 
step 123, nibs 141 on the bottom of the sheet nnaterial 
100A at the nozzle holes 140 are produced. 

In the cleaning step 124, a machining oil used in the 
punching steps 122 and 123 is removed by using an 
ultrasonic cleaning machine 104. In the nib removal 
step 125. the nibs 141 are ground and removed from a 
sheet material 100B (or the sheet material 100 A after 
the punching step 123 is performed) by using a tape 
grinding machine 105. As shown in FIG. 11, the nozzle 
holes 1 40 after the nibs 141 are removed are formed as 
through holes that extend from the top of the sheet 
material 100B to the bottom of the sheet material 100B. 
Further, in the nib removal step 125, raised portions 142 
which are produced on the top of the sheet material 
100B at the nozzle holes 140 in the nozzle hole punch- 
ing step 123 are ground and removed from the sheet 
material 100B by the tape grinding machine 105. 

In the buffing step 126. top arKi bottom surfaces of 
a sheet material lOOC (or the sheet material 100B after 
the nib removal step 125 is performed) are buffed to 
provide a predetermined level of surface roughness by 
using a buffing machine 106. In the burr removal step 
127. burrs 143 and 144 which are produced on the top 
arxi bottom surfaces of a sheet material 100D (or the 
sheet material 100C after the buffing step 126 is per- 
formed) at the nozzle holes 140 in the buffing step 126 
are removed by using an ultrasonic machine 107. Alu- 
mina chips are used by the ultrasonic machine 107 to 
remove the twnrs 143 and 144 in the burr removal step 
127. 

In the buffing step 128. the top arxj bottom surfaces 
of the sheet material 100D are buffed to provide a pre- 
determined level of surface roughness by using a buff- 
ing machine 108. In the leveling step 129, the sheet 
material 100D is leveled by using a roller leveler 109. In 
the cutting step 130, the leveled sheet material 100D is 
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cut into the nozzle plates 20 by using a press 1 10. In the 
cleaning step 131. a machining oil used in the cutting 
step 130 is removed from the nozzle plates 20 by using 
an ultrasonic cleaning machine 111. Finally, in the 
inspection step 132. the nozzle plates 20 are delivered 5 
to an inspection site m which the produced nozzle 
plates 20 are subjected to tnspeaion. 

FIG. 12 shows the press 102 used in the base hole 
punching step 122 and the press 103 used In the nozzle 
hole punching step 123. FIG. 13A shows the punches 10 
160 of the press 103 used in the nozzle hole punching 
step 123. FIG. 13B shows details of a portion "A" of one 
of the punches 160 indicated in FIG. 13A, 

As shown in FIG. 12. the sheet material 100 of 
stainless steel is delivered to the presses 102 and 103 is 
in a direction indicated by the arrow A by a feeder 150. 
The press 102 includes an upper die 151 having base 
hole punches, a lower die 152. and a base 153. The 
upper die 151 is secured to the tase 153, and a drive 
unit of the press 102 moves the base 153 up and down so 
so that the upper die 151 is moved up and down to the 
tower die 152. By using the press 102. the base holes 
60 and 61 in the sheet material 100 are formed. 

As shown in FIGs. 13A and 138. the press 103 
includes an upper die 155 having the punches 160, a 25 
lower die 156. a holding plate 157. a base 158, and a 
feeder 250, The upper die 155 is secured to the base 
158. and a drive unit of the press 103 moves the base 
1 58 up and down so that the upper die 1 55 is moved up 
and down relative to the lower die 1 56. The sheet mate- 30 
rial 100 is held by the holding plate 157. The feeder 250 
will be described later. 

FIG. 14 is a bottom view of the upper die 155 
including the punches 160 of FIG. 13A. FIG. 15A shows 
details of one of the punches 160 of FIG. 13A. and FIG. 35 
1 58 shows details of a portion "A" of the punch 1 60 indi- 
cated in FIG. 15A. 

As shown in FIG. 1 4, the upper die 1 55 includes the 
punches 160 embedded therein and is secured to the 
base 158. The base 158 includes guide holes 161 at 40 
four corners of the base 158. The guide holes 161 are 
fitted to guide pins which are secured to the lower die 
1 56 at four corners of the lower die 1 56. In the upper die 
155, the punches 160 are arranged in rows, and the 
arrangement of the punches 160 in the upper die 155 is 45 
similar to the arrangement of the nozzle holes 21 in the 
nozzle plate 20 shown in FIG. 6. In the present embod- 
iment, the punches 160 in each of the rows of the upper 
die 155 are arrayed in the sub-scanning direction with a 
pitch P3 between two of the punches 160 in the main so 
scanning direction. A pitch PI between two of the rows 
of the punches 1 60 in the main scanning direction is set 
at a predetermined distance. In the present embodi- 
ment, the pitch PI of the punches 160 is set at about 3.7 
mm which is the same as the pitch P1 of the nozzle 55 
holes 21, and the pitch P3 of the punches 160 is set at 
about 0.6 mm which is twice the pitch P2 of the nozzle 
holes 21. 



As shown in FIG. 13A. the holding plate 157 include 
a plurality of guide holes 162, and the guide holes 162 
are arranged in rows such that the arrangement of the 
guide holes 162 in the holding plate 157 corresponds to 
the arrangement of the punches 160 in the upper die 
155. 

The lower die 156 includes, as shown in FIG. 13 A, 
a plurality of die holes 163, and the die holes 163 are 
arranged in rows. In the lower die 156. the die holes 163 
in each of the rows are arrayed with a pitch P2 which is 
the same as the pitch P2 of the nozzle holes 21 in the 
nozzle plate 20. That is, the pitch P2 between two of the 
die holes 163 In the lower die 156 is half the pitch P3 of 
the punches 160 in the upper die 155. In the lower die 
1 56 of FIG. 1 3A. the die holes 1 63 include die holes 1 63 
which are directed to the punches 160 of the upper die 
155 and die holes 163a which are directed to the mid- 
points between the punches 160, which will be 
described later. 

The guide holes 161 of the base 158 are fitted to 
the guide pins secured to the lower die 156, and the 
punches 160 of the upper die 155 are contained in the 
guide holes 162 of the holding plate 157. 

As shown in FIGs. 15A and 15B. the punch 160 (or 
one of the punches 160 of the upper die 155) has a 
base portion 170. a tapered conical portion 172 extend- 
ing from the base portion 170. a straight cylindrical por- 
tion 171, and a rounded interconnecting portion 173. 
The rounded interconnecting portion 173 annularly con- 
nects a front end edge of the conical portion 172 with a 
rear end edge of the cylindrical portion 1 71 . It should be 
noted that the rounded interconnecting portion 173 is 
smoothly continuous to each of the conical portion 172 
arxj the cylindrical portion 1 71 . 

In the present embodiment of the punch 160. the 
base portion 170 has a diameter "dIO" which is set at 
about 0.4 mm. The cylindrical portion 1 71 has a diame- 
ter **d11" which is set at about 0.03 mm. and a height 
"1 1 0" which is set at about 0.02 mm. The conical portion 
172 has a cone angle "alO" which is set at about 40**. 

Further, in the present embodiment of the punch 
160, the shape of the punch 160 has been particularly 
determined by the inventors in order to provide good ink 
discharge characteristics for the ink-jet head 41 . The 
shape of the punch 160 is determined on the basis of 
the shape of the nozzle hole 21 in the nozzle plate 20 
described abova In particular, the interconnecting por- 
tion 173 has, as shown in FIG. 15B. a radius "rl 0" which 
is set at about 0.03 mm. and has an angle "plO" 
between the radii "rIO*' which is set at about 20°. The 
interconnecting portion 173 has a height "1 1 1" which is 
set at about 0.02 mm. 

In a case of a punch having no rounded intercon- 
necting portion 173. the conical portion 172 and the 
cylindrical portion 171 in the punch are interconnected 
by a fillet. Generally, such a fillet is naturally produced 
by a sharp corner of a cutting tool through machining, 
and the fillet usually has a radius which is about 0.01 
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mm. That is. in the present embodiment of the punch 
160» the rounded interconnecting portion 173 has the 
radius "rlO" which is much larger (about three times) 
than the radius of the naturally produced fillet. As the 
present embodiment of the punch 160 has the § 
increased radius "rlO** of the interconnecting portion 
1 73, it is possible to provide an increased tool life for the 
punch 160. 

Further, in the present embodiment of the punch 
160. the punch 160 is made of a cemented carbide io 
material, and produced from the cemented carbide 
material by using a centreless grinding machine. 

As shown in FIG. 15B, the punch 160 further 
includes a protective film layer 174 on the outside sur- 
face of the punch 160 so that the protective film layer 75 
174 covers the conical portion 172. the interconnecting 
portion 173 and the cylindrical portion 171 . The protec- 
tive film layer 174 is made of titanium nitride (TiN). and 
formed on the outside surface of the punch 160 through 
Ion plating. In FIG. 15B. the protective film layer 174 is 20 
indicated with an enlarged thickness which is greater 
than the actual thickness thereof, for the sake of con- 
venience. 

As the present embodiment of the punch 160 
includes the protective film layer 174, it is possible to 2S 
provide a reduced coefficient of friction between the 
punch 160 and the sheet material 100. and the reduced 
coefficient of friction is less than that of a punch which 
does not have a protective film layer. 

Further, in the present ennbodiment of the punch 30 
160, the front-end portion of the punch 160, that is: the 
conical portion 172, the interconnecting portion 173 and 
the cylindrical portion 171, is finished by lapping so that 
the surfaces of these portions provide a predetermined 
level of surface roughness. 3S 

In the lower die 156. the die holes 163 have a diam- 
eter "d12" (shown in FIG. ISA) which is set at about 0.2 
mm. The diameter •'d12" (about 0,2 mm) of the die holes 
163 is much larger than the diameter "dl r (about 0.03 
mm) of the cylindrical portion 1 71 of the punch 1 60. The 40 
diameters "d1 2" and "d1 1 " are determined such that the 
nibs on the bottom of the sheet material 100 are pro- 
duced in equal volume in the nozzle hole punching step 
123. It is observed that, when the diameter "dl 1" of the 
cylindrical portion 171 is in a range between 0.02 mm 45 
and 0.05 mm, the diameter •'d12" of the die holes 163 In 
a range between 0.07 mm and 0.2 mm is appropriate for 
this purpose. 

In F!Gs. 13A and 13B, a lowermost position of the 
leading edge of the punch 160 during the nozzle hole so 
punching step 123 Is Indicated by a two-dot chain line. 
In the present embodiment, each of the punches 160 of 
the upper die 155 is arranged such that the leading 
edge of the punch 160 when it is at the lowermost posi- 
tion projects from a top surface 156a of the lower die ss 
156 into the related die hole 163 by a dimension "I''. The 
dimension "i" is determined to ensure that the cylindrical 
surface 25 of the nozzle hole 21 of the nozzle plate 20 



being produced has the above-mentioned depth "a". 
The dimension T in the present embodiment is set at 
about 0.01 mm. 

Next, a description will be given of an operation of 
the press 103 and the nozzle hole punching step 123 
performed by using the press 103. FIGs. 16A. 16B and 
16C show the nozzle hole punching step 123 of the noz- 
zle plate production method of the present invention. 

When the base 158 is driven by the press 103, the 
upper die 155 and the holding plate 157 are lowered 
from the condition shown in FIG. 13A at a constant 
speed at the same time. The punch 160 at this time is 
set in the condition shown in FIG. 16A, and the sheet 
material 100 is clamped between the holding plate 157 
and the lower die 156. 

The upper die 155 is further lowered to the lower* 
most position. The punch 160 at this time shears the 
sheet material 100 as in the condition shown in FIG. 
16B. A portion of the sheet material 100 on a bottom 
surface 100b of the sheet material 100 is downwardly 
bulged toward the inside of the die hole 163 the lead- 
ing edge of the purx^h 160. This portion forms the nib 
141 which is produced in the nozzle hole punching step 
123. 

When the base 158 is lifted by the press 103, the 
upper die 155 is moved up together with the base 158. 
The leading edge of the punch 160 is, as in the condi- 
tion shown in FIG. 16C. separated from a top surface 
100a of the sheet material 100 which is clamped 
between the holding plate 157 and the lower die 156. 
After this, the holding plate 157 is moved up to the orig- 
inal position as in the condition shown in FIG. 13A. 

In the condition shown in FIG. 16C, the nozzle hole 
140 in the sheet material 100 is formed, and the nib 141 
on the k)ottom of the sheet material 100 arKi the raised 
portion 142 on the top of the sheet material 100 around 
the nozzle hole 140 are produced. The nozzle hole 140 
is formed into a shape which is substantially in accord- 
ance with the shape of the punch 160. As described 
atx)ve, the nozzle hole 140 (corresponding to the nozzle 
hole 21) has the tapered conical surface 22. the straight 
cylindrical surface 25 and the rounded interconnecting 
surface 26. 

The raised portion 142 is produced by a part of the 
sheet material 10 on the top of the sheet material 100 
when the leading edge of the punch 160 shears the 
sheet material 100. This part of the sheet material 100 
is raised In directions Indicated by the arrows "Q" In FIG. 
16B. and the raised portion 142 is thus produced. 

As the front-end portion of the punch 160 in the 
present embodiment Is finished by lapping to provide 
the predetermined level of surface roughness, the 
inside surface of the nozzle hole 140 can be formed so 
as to have an equivalent level of surface roughness. 
Further, the punch 160 in the present embodiment has 
the protective film layer 174 of titanium nitride on the 
outside surface, and the shearing of the sheet material 
100 by the punch 160 can be smoothly earned out to 
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form the nozzle hole 140 with accuracy of the shape 
thereof. 

It should be noted that in the nozzle plate produc- 
tion method of the present invention, the nozzle hole 
punching step 1 23 is repeated in first and second cycles 5 
to form all the nozzle holes 21 in the nozzle plate 20 of 
FIG. 6. 

In the above-mentioned production method of the 
present invention, the first cyde of the nozzle hole 
punching step 123 is performed by lowering and lifting io 
the punches 160 of the press 103. The nozzle holes 140 
in the sheet material 100 are simultaneously formed by 
the press 103, and the number of the nozzle holes 140 
being formed is half the number of the nozzle holes 21 
in the nozzle plate 20 of FIG. 6. The nozzle holes 140 is 
formed in the first cycle correspond to the nozzle holes 
21 indicated by black dots in FIG. 6. After the first cycle 
IS finished, the sheet material 1 00 is fed back in the lon- 
gitudinal direction by a distance which is half the pitch 
P3 between two of the punches 160 (or equal to the 20 
pitch P2 between two of the guide holes 163 in the lower 
die 156). The backward feeding of the sheet material 
100 is performed by using the feeder 250 shown in 
FlGs. 24A and 24B, After this, the second cycle of the 
nozzle hole punching step 123 is performed by using 25 
the press 103. and the remaining nozzle holes 140 in 
the sheet material 100 are simultaneously formed at 
positions displaced from the positions of the nozzle 
holes 140 previously formed in the first cycle. The noz- 
zle holes 140 formed in the second cycle correspond to 30 
the nozzle holes 21 of the nozzle plate 20 indicated by 
v^ite dots in FIG. 6. 

In the above-mentioned production method of the 
present invention, the nibs 141 on the bottom surtece of 
the sheet material 100. previously produced in the first 35 
cycle, are placed into the die holes 163a of the lower die 
156 after the backward feeding of the sheet material 
100. The nibs 141 on the tx>ttom surface of the sheet 
material 100 are newly produced in the die holes 163 of 
the lower die 156 at the displaced positions when the 40 
second cycle is performed, and both the newly-pro- 
duced nibs 141 and the previously-produced nibs 141 
do not interfere with the die holes 163 of the lower die 
156. 

Accordingly, in the above-mentioned production 45 
method of the present invention, it is possible to more 
easily produce the nozzle plate 20 including the nozzle 
holes 21 than in the conventional production method of 
FIGs, 2A-2C. 

FIGs. 24A and 24B show the feeder 250 of the noz- so 
zle plate production apparatus of the present invention. 

As shown in FIGs. 24A and 24B, the feeder 250 
comprises a clamping device 251 and an actuator 252. 
The feeder 250 is provided within the press 103 and 
operated in association with the lowering and lifting ss 
operations of the upper die 155 of the press 103. The 
clamping device 251 clamps the sheet material 100. 
The actuator 252 moves the clamping device 251 rela- 



tive to the lower die 156 of the press 103 in a direction 
indicated by the arrow "XI" in FIG. 24A in a reciprocat- 
ing manner. 

The clamping device 251 includes a lower clamper 
253 and an upper clamper 254. When the press 103 is 
operated, the sheet material 100 is clamped between 
the lower clamper 253 and the upper clamper 254. The 
lower clamper 253 is formed in a frame-like shape and 
is larger in size than the lower die 156 of the press 103. 
The lower clamper 253 is arranged so as to endrcle the 
lower die 156. The lower danper 253 is movably sup- 
ported on guide rails 255, and the lower clamper 253 is 
moved along the guide rails 255 by the actuator 252. 

As shown in FIGs. 24A and 248. the lower damper 
253 has a first inside surface 253a and a secorxi inside 
surface 253b. and the lower die 156 has a first outside 
surface 156a and a second outside surface 156b. The 
lower damper 253 and the lower die 156 are arranged 
with either a right-hand clearance "s" between the first 
inside surface 253a and the first outside surface 156a or 
a left-hand clearance "s" between the second inside 
surface 253b and the second outside surface 156b. 
Each of the clearances "s" is set at a distance that is 
equal to the above-mentioned pitch P2 (which is half the 
pitch P3). 

When the actuator 252 is operated, the damping 
device 251 is moved by the actuator 252 in the direction 
XI in FIG. 24A. and the sheet material 100 clamped by 
the clamping device 251 is moved in the direction XI 
relative to the press 103 within a range of the clearance 
between the lower die 156 and the clamping device 251 . 
The sheet material 100 is first moved in a direction irxji- 
cated by the arrow "X2" in FIG. 24A by the feeder 150. 
and then the sheet material 100 is moved in the oppo- 
site direction XI by the distance, which is equal to the- 
pitch P2, by the feeder 250. 

When the first cyde of the nozzle hole punching 
step 123 for one of the nozzle plates to be produced is 
started, the clamping device 251 is moved to a position 
shown in FIG. 24A wherein the first inside surface 253a 
of the clamping device 251 is In contact with the first 
outside surface 156a of the lower die 156 and there is 
the left-hand dearance between the clamping device 
251 and the tower die 156. When the first cycle of the 
nozzle hole punching step 123 is finished, the clamping 
device 251 is moved to a position shown in FIG. 258 by 
the actuator 252, wherein the second inside surface 
253b of the damping device 251 is in contact with the 
second output surface 156b of the lower die 156 and 
there is the right-hand clearance between the damping 
device 251 and the lower die 156. At this time, the sheet 
material 100 is delivered together with the damping 
device 251 in the direction XI by the pitch P2 (or half the 
pitch P3). 

When the second cycle of the nozzle hole punching 
step 123 is finished, the upper clamper 254 is lifted from 
the lower clanper 253, and the sheet material 100 is 
undamped. The sheet material 100 is then moved in the 
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direction X2 by the feeder 150. The clamping device 
251 and the lower die 1 56 are placed in the condition of 
FIG. 24A. so that the first cycle of the nozzle hole 
punching step 123 for a following one of the nozzle 
plates to be produced is started. s 

FIG. 17 shows tool life characteristics obtained by 
tool life testing for a number of punches having different 
cone angles. 

For the purpose of tool life testing, a number of 
punches 1 60 which include the tapered conical portions io 
172 having different cone angles "alO" were prepared. 
The tool life testing was conducted by repeating press 
operations using each of the prepared punches, and a 
tool life of each punch was obtained. The tool life is 
determined by the number of punch operation cycles is 
being repeated for that punch until the surface rough- 
ness of a nozzle hole formed by the punch being tested 
becomes deficient or until the punch being tested is bro- 
ken. 

In the tool life characteristics of FIG. 17, the so 
punches tested have the conical portions 172 with cone 
angles "alO": 20*, 30*». 40**. 50* and 60*. The lower die 
156 combined with each of the punches when testing 
has the die holes 163 with the diameter •'d12": 0.20 mm. 
In the tool life characteristics of FIG. 1 7. it is found that 25 
the punches with the cone angles -alO": 30*. 40*. 50* 
and 60* show an adequate level of tool life. As shown in 
FIG. 17, the number of repeated cycles with respect to 
these punches is in a range of between 6.000 and 
12.000. 30 

In the present embodiment of the punch 160, the 
cone angle "alO" of the conical portion 172 is set at 
about 40*. Therefore, it is possible for the present 
embodiment of the punch 160 to provide an adequate 
level of tool life. 3S 

FIG. 18 shows tool life characteristics obtained by 
tool life testing for a number of punches having different 
interconnecting portion radii. 

For the purpose of tool life testing, a number of 
punches 1 60 which include the rounded interconnecting 40 
portions 173 having different radii "rlO" are prepared. 
The tool life testing is conducted by repeating press 
operations with a related one of the prepared punches, 
and a tool life of the punch is obtained for each of the 
prepared punches in a similar manner. 45 

In the tool life characteristics of FIG. 18, the 
punches tested have the interconnecting portions 173 
with the radii •^rlO": 0.01 mm, 0.03 mm and 0.06 mm. 
The lower die 156 combined with each of the punches 
when testing has the die holes 163 with the diameter so 
*'d12**: 0.20 mm. In the tool life characteristics of FIG. 
18. it is found that the punches with the radii "rlO* in the 
range between 0.02 mm and 0.06 mm show an ade- 
quate level of tool life. As shown in FIG. 18. the number 
of repeated cycles with respect to these punches is in a ss 
range of between 5,000 and 100,000, 

In the present embodiment of the punch 160. the 
radius "rIO" of the interconnection portion 173 is set at 



about 0.02 mm. Therefore, it is possible for the present 
embodiment of the punch 160 to provide an adequate 
level of tool life. 

FIG. 19 shows tool life characteristics obtained by 
tool life testing for a punch which is combined with a 
respective one of a number of lower dies having differ- 
ent die hole diameters when the testing is conducted. 

For the purpose of tool life testing, a number of 
lower dies 156 having the die holes 163 with different 
diameters *'d12" were prepared. The punch 160 com- 
bined with the respective one of the prepared lower dies 
156 had the conical portion 172 with the cone angle 
"aiO": 30*. The tool life testing was conducted by 
repeating press operations with a related one of the pre- 
pared lower dies in combination with the punch, and a 
tool life of the punch was obtained for each of the pre- 
pared lower dies in a similar manner. 

In the tool life characteristics of FIG. 19. the lower 
dies 1 56 tested have the die holes 1 63 with the respec- 
tive diameters *'d12": 0.07 mm, 0.10 mm, 0.13 mm and 
0.20 mm. It was found from the tool life characteristics of 
FIG. 19 that the diameter "d12* of the die holes 163 of 
the lower die has to be in a range of between 0.13 mm 
and 0.20 mm in order to provide an adequate level of 
tool life for the punch. As shown in FIG. 19, the number 
of repeated cycles obtained for the punch combined 
with the lower dies 156 which satisfy the at)ove-men- 
tioned requirement is in a range of between 500 and 
1.000. 

In the present embodiment of the lower die 156 
combined with the punch 160. the diameter "d12" of the 
die holes 163 is set at about 0.2 mm. Therefore, it is 
possible for the present embodiment of the punch 160 
to provide an adequate level of tool life. 

Further, for the purpose of tool life testing, the 
punches 160 having the protective film layer 1 74 of tita- 
nium nitride and punches having no protective film layer* 
174 were prepared. The protective film layer 174 was 
formed on the outside surface of the punches 160 
through ion plating. The tool life testing was conducted 
by repeating press operations using each of the pre- 
pared punches, and a tool life of each punch was 
obtained. 

From the results of the tool life testing, it is found 
that the punches 160 having the protective film layer 
1 74 show a level of tool life much higher than a level of 
tool life of the punches having no protective film layer 
174. In the present embodiment of the punch 160, the 
protective film layer 174 is formed on the outside sur- 
face of the punch 160, and it is possible for the present 
embodiment of the punches 160 to provide an adequate 
level of tool life. 

FIGs. 20A and 20B show the tape grinding machine 
105 of the nozzle plate production apparatus of the 
present invention. As described above, the tape grirxi- 
ing machine 105 is used when the nib removal step 125 
is performed. 

As shown in FIGs. 20A and 20B. the tape grinding 
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machine 105 comprises a center shaft 180, a rotary 
table unit 1 81 . an abrasive tape 182 and a holding plate 
183. The center shaft 1 80 extends in a vertical direction. 
The rotary table unit 181 is rotated around the center 
shaft 180 in a direction indicated by the arrow "B" in 5 
FIGs. 20A and 20B. 

The rotary table unit 181 includes a square rotary 
table 185 and two flanges 186 and 187 which are out- 
wardly extending from both sides of the rotary table 185. 
In the rotary table unit 181 . an abrasive tape supply reel 10 
188 and guide rolls 189 and 190 are attached to the 
flange 186. and an abrasive tape take-up reel 191 and 
guide rolls 192 and 193 are attached to the flange 187. 
An abrasive tape winding device 194 is secured to the 
flange 187 and rotates the take-up reel 191 so that the is 
abrasive tape 1 82 from the supply reel 1 88 is wound on 
the take-up reel 191 in a direction indicated by the arrow 

in FiG. 20A. The rotary table 185 has a width that is 
substantially the same as a width of the abrasive tape 
182. 20 

The abrasive tape 182 from the supply reel 188 is 
guided by the guide rolls 189 and 190 and passed 
through the top surface of the rotary table 185. and the 
abrasive tape 182 from the opposKe side of the rotary 
table 185 is guided by the gu'de rolls 192 and 193 and 25 
extends to the take-up reel 191. 

The holding plate 183 is in a rectangular shape and 
has the larger side extending in the longitudinal direc- 
tion of the sheet material 100. As shown in FIG. 20B. 
the holding plate 183 is arranged at a position spaced 30 
apart from the center shaft 1 80. The holding plate 1 83 is 
normally separated from the top surface of the rotary 
table 185 as shown in FIG. 20A. When the nib removal 
step 125 is performed for the sheet material 100» the 
holding plate 183 is lowered so that the sheet material 35 
100 held by the holding plate 183 is brought into the 
abrasive tape 182 on the rotary table 185. As shown in 
FIG. 208. the holding plate 183 has a width in the longi- 
tudinal direction of the sheet material 100 that is greater 
than a total width of three pieces of the nozzle plates. As 40 
shown in FIG. 20 A, a tension roller 195 and a tension 
roller 1 96 are arranged on the bottom of the sheet mate* 
rial 100 at positions spaced apart from both sides of the 
holding plate 183. 

The sheet material 100 A in which the nibs 141 on 45 
the bottom surface of the sheet material 100A is deliv- 
ered in a direction indicated by the arrow "A** in FIGs. 
20A and 208. The sheet material 100A is guided by the 
tension rollers 195 and 196 and brought into contact 
with the bottom surface of the holding plate 183. so 

When the nibs 141 are removed in the nib removal 
step 125, the holding plate 183 is lowered, the rotary 
table unit 181 is rotated in the direction "B", and the 
abrasive tape winding device 1 94 is operated. The abra- 
sive tape 182 is delivered at a low speed on the rotary 55 
table 185 in the direction and rotated in the direction 
"8" by the rotary table 185 around the center shaft 180. 
The holding plate 183 presses the sheet material 100A 



against the abrasive tape 182 on the rotary table 185. 
Therefore, the nibs 141 are removed from the sheet 
material 100 A by the abrasive tape 182 as shown in 
FIG. 20B. 

FIGs. 21 A and 21 B show the buffing machine 106 
of the nozzle plate production apparatus of the present 
invention. As described above, the buffing machine 106 
is used when the buffing step 126 is performed. 

As shown in FIGs. 21 A and 218, the buffing 
machine 106 comprises a circular rotary table 200. a 
circular polishing sheet 201, a holding plate 202. and 
guide rollers 203 and 204. The rotary table 200 is 
rotated in a direction indicated by the arrow in FIG. 21 A 
around a center shaft. The polishing sheet 201 Is 
rotated in the same direction together with the rotary 
table 200. The holding plate 202 is brought into contact 
with the sheet material 100 and lowered to the polishing 
sheet 201 on the rotary table 200, similarly to the hold- 
ing plate 183 of FIGs. 20A and 20B. The sheet material 
100 is guided by the guide rollers 203 arxi 204. 

When the buffing step 126 is performed with the 
buffing machine 106 for the sheet material 1008. the 
holding plate 202 is lowered, and the sheet material 
100B which is delivered in the direction "A** is pressed 
against the polishing sheet 201 which is rotated. An 
abrasive 205 is supplied to the polishing sheet 201. The 
Ixiffing step 126 is thus performed with the buffing 
machine 106. and the top and bottom surfaces of the 
sheet material 1008 are buffed to provide the predeter- 
mined level of surface roughness. 

FIG. 22 is a view of the ultrasonic machine 107 of 
the nozzle plate production apparatus of the present 
invention. FIG. 23 shows an operation of the ultrasonic 
machine 107. As described above, the ultrasonic 
machine 107 is used when the burr removal step 127 is 
performed. 

As shown in FIGs. 22 and 23, the ultrasonic 
machine 107 comprises an outside container 210, an 
ultrasonic oscillator 211. an inside container 212, and 
guide roIls213 and 214. The outside container 210 con- 
tains a water 215 with a low purity, and the inside con- 
tainer 212 contains a water 216 with a high purity. The 
inside container 212 is arranged within the outside con- 
tainer 210, and the inside container 212 floats in the 
water 215 of the outside container 210. The ultrasonic 
oscillator 21 1 is arranged on an inside bottom surface of 
the outside container 210. The guide rolls 213 and 214 
are arranged within the inside container 212. In the 
high-purity water 216 of the inside container 212, alu- 
mina chips 217 are dispersed. 

When the burr removal step 127 is performed, the 
ultrasonic oscillator 211 is operated, and the sheet 
material 1 0OC in which the burrs 1 43 and 1 44 on the top 
and bottom surfaces are produced by the buffing step 
125 is passed through the high-purity water 216 of the 
inside container 212 while it is guided by the guide roll- 
ers 213 and 214. Vibrations of the water 215 generated 
by the ultrasonic oscillator 211 are transmitted to the 
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high-purity water 216 of the inside container 212. The 
alumina chips 217 are subject to such vibrations of the 
water216 of the inside container 212, and the burrs 143 
and 144 are thus removed from the sheet material 100C 
by the alumina chips 217. By using the ultrasonic 5 
machine 107, the burrs 143 and 144 are removed from 
the sheet material lOOC without harming the sheet 
material 10OC. 

The sheet material 100D from which the burrs 143 
and 144 are removed by the burr removal step 127 is 10 
delivered to a shower rinse air blow container 220 
(shown in FIG. 22) provided adjacent to the ultrasonic 
machine 107. 

The buffing step 1 28 of the nozzle plater production 
method of the present invention is performed similarly to is 
the buffing step 126. The buffing machine 108 used 
when the buffing step 128 is performed is substantially 
the same as the buffing machine 106 shown in FIGs. 
21Aand21B. 

In the above-described embodiments, the nozzle so 
plate production method and apparatus of the present 
invention and the nozzle plate 20 produced by the same 
are applied to a nozzle plate of a piezoelectric ink-jet 
head. However, the present invention is not limited to 
the above-described embodiment, and is applicable to a 2S 
nozzle plate of an ink-jet head of another type. 

Further, the present invention is not limited to the 
above-described embodiments, and variations and 
modifications may be made without departing from the 
present invention. 30 

Claims 

1. A method of producing a nozzle plate of an ink-jet 
head printer, comprising the steps of: 35 

a nozzle hole punching step (123) wherein a 
metallic sheet material (100) is punched to 
form nozzle holes therein by using a press 
(103) having punches (160), each of said 40 
punches comprising a tapered conical portion 
(172) extending from a base portion of the 
punch, a straight cylindrical portion (171) 
extending to a leading edge of the punch, and 
a rounded interconnecting portion (173), said 45 
rounded interconnecting portion smoothly 
interconnecting said conical portion and said 
cylindrical portion; 

a nib removal step (125) wherein nibs (141) 
produced on a bottom surface of the sheet so 
material at the nozzle holes by said nozzle hole 
punching step are removed: 
a buffing step (126) wherein a top surface and 
the bottom surface of the sheet material are 
buffed to provide a predetermined level of sur- ss 
face roughness; and 

a burr removal step (127) wherein burrs (143, 
144) produced on the top and bottom surfaces 



of the sheet material at the nozzle holes by said 
buffing step are removed. 

2. The method according to claim 1 , characterized in 
that said nozzle hole punching step (123) includes: 

a first punching cycle v^erein half of the nozzle 
holes (1 40) to be provided in the sheet material 
are simultaneously formed by lowering and lift- 
ing the punches in the press; and 
a backward feeding step wherein the sheet 
material is fed backward in a longitudinal direc- 
tion of the sheet material by a distance which is 
half a distance of a pitch (P3) between two of 
the punches (160): and 

a second punching cycle wherein a remaining 
half of the nozzle holes in the sheet material 
are simultaneously formed at positions in the 
sheet material displaced from positions of the 
nozzle holes previously fdrmed in the first 
punching cyde. 

3. The method according to daim 1 , characterized in 
that said method indudes making each of said 
punches (160) from a cemented carbide material 
and coating each of said punches with a protective 
film layer (1 74) of titanium nitride so as to cover said 
conical portion, said cylindrical portion and said 
interconnecting portion. 

4. The method according to claim 1 , characterized in 
that said method includes the step of arranging die 
holes (163) of a lower die (156) of said press (103) 
in rows and arraying the die holes in each of the 
rows with a pitch (P2) which is half a distance of a 
pitch (P3) between two of the punches (160). 

5. "Rie method according to daim 1 , characterized in 
that said method includes the step of interconnect- 
ing said conical portion (172) and said cylindrical 
portion (171) in each of said punches (160) with 
said interconnecting portion (173) having a radius 
(rIO) in a range of between 0.02 mm and 0.06 mm. 

6. A nozzle hole production apparatus for producing a 
nozzle plate of an ink-jet head printer, comprising: 

a press (103) for punching a metallic sheet 
material (100) to form nozzle holes (140) 
therein, said press having punches (160), each 
of said punches comprising a tapered conical 
portion (1 72) extending from a base portion of 
the punch, a straight cylindrical portion (171) 
extending to a leading edge of the punch, and 
a rounded interconnecting portion (173). said 
rounded interconnecting portion smoothly 
interconnecting said conical portion and said 
cylindrical portion; 
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a grinding machine (105) for removing nibs 
(141) produced on a bottom surface of the 
sheet material at the nozzle holes by the 
punching of the sheet material by said press; 
a buffing machine (106) for buffing a top sur- s 
face and the bottom surface of the sheet mate- 
rial after the nib removal by said grinding 
machine to provide a predetermined level of 
surface roughness; and 

an ultrasonic machine (107) for removing burrs io 
(143, 144) produced on the top and bottom sur- 
faces of the sheet material at the nozzle holes 
by the buffing of said buffing machine. 

7. The apparatus according to claim 6, characterized is 
in that said press (103) comprises a lower die (156) 
having die holes (163) an-anged in rows, the die 
holes in each of the rows being arrayed with a pitch 
(P2) which is half a pitch (P3) between two of the 
punches. ^ 

8. The apparatus according to claim 6. characterized 
in that said press (103) comprises a feeder (250) for 
feeding the sheet material in a backward longitudi- 

nal direction of the sheet material by a distance 25 
which is half a distance of a pitch (P3) between two 
of the punches, said press performing a backward 
feeding step by using the feeder after a first punch- 
ing cycle is finished and before a second punching 
cycle is started, the number of said nozzle holes so 
being half the number of nozzle holes included in 
the nozzle plate (20) to be produced, the nozzle 
holes being simultaneously formed by lowering and 
lifting the punches in the press, and in said second 
punching cycle the remaining nozzle holes in the 3S 
sheet material corresponding to another half of the 
nozzle holes included in the nozzle plate being 
simultaneously formed at positions In the sheet 
material displaced from positions of the nozzle 
holes previously formed in the first punching cycle. 4o 



a tapered conical surface (22) extending from a 
top opening of the nozzle hole (21); 
a straight cylindrical surface (25) extending 
from a bottom opening of the nozzle hole; and 
a rounded interconnecting surface (26) for 
smoothly interconnecting said conical surface 
and said cylindrical surface. 

12. The nozzle plate according to claim 11, character- 
ized in that said interconnecting surface (26) has a 
radius (r1) In a range of between 0.02 mm arKi 0.06 
mm. 

13. The nozzle plate according to claim 11, character- 
ized in that said conical surface (22) has a cone 
angle (a) set at about 40**. 

14. The nozzle plate according to claim 11, character- 
ized in that said cylindrical surface (25) has a depth 
(a) set at about one eighth of a thickness (t1 ) of the 
nozzle plate, said conical surface (22) having a 
depth (b) set at about five eighths of the thickness 
(t1) of the nozzle plate, and said interconnecting 
surface (26) having a depth (c) set at about one 
fourth of the thickness (t1) of the nozzle plate. 

15. The nozzle plate according to claim 11. character- 
ized in that said nozzle plate (20) has an ink dis- 
charge spreading angle (61) in a range of ± 0.4 
degrees. 



9. The apparatus according to claim 6, characterized 
in that each of said punches (160) is a cemented 
carbide material and has a protective film layer 
(1 74) of titanium nitride on an outside surface of the 4S 
punch, said protective film layer covering said coni- 
cal portion, said cylindrical portion and said inter- 
connecting portion. 



10. The apparatus according to claim 6, characterized so 
in that said interconnecting portion (173) of each of 
said punches (160) has a radius (rIO) in a range of 
between 0.02 mm and 0.06 mm. 



1 1 . A nozzle plate of an ink-jet head printer, said nozzle ss 
plate having a plurality of nozzle holes arranged in 
the nozzle plate, each of the nozzle holes compris- 
ing: 
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